ABSTRACT. This study examined the phylogenetic relationship of strains of canine distemper virus (CDV) collected from Paraná State, Brazil, based on the hemagglutinin gene. Urine samples were collected from 4 dogs from northern Paraná State that demonstrated clinical manifestations of canine distemper. The participation of CDV was initially confirmed by RT-PCR targeting the nucleocapsid protein, after which the complete hemagglutinin gene was sequenced from each sample. Sequences were deposited in and compared with those already in GenBank. Phylogenetic analyses, using amino acid and nucleotide sequences based on the hemagglutinin gene, demonstrated that these strains of CDV are closely related to those from the Europe 1 lineage of CDV, with marked differences from other recognized geographical clusters of CDV isolates and from the vaccine strains. The strains of CDV from this region of southern Brazil appear to be related to those from Europe 1.
INTRODUCTION
Canine distemper virus (CDV) belongs to the genus Morbillivirus, family Paramyxoviridae, and is antigenically related to the following viruses: rinderpest, peste-despetits-ruminants, measles, and phocine distemper (MacLachlan and Dubovi, 2011) . Canine distemper (CD) occurs worldwide, affects a broad range of mammalian host species, and is highly infectious, particularly in young dogs, resulting in elevated morbidity and mortality (Appel, 1987) . The classical presentation of CD is characterized by fever, rhinitis, bronchitis, purulent bronchopneumonia, gastroenteritis, and neurological manifestations (Tipold et al., 1992; Greene and Vandevelde, 2012) .
The CDV genome is a single-stranded, negative sense RNA that encodes 6 important proteins: the matrix envelope-associated protein; 2 attachment glycoproteins, fusion and hemagglutinin (H); the nucleocapsid protein; and the transcriptase-associated proteins large polymerase and phosphoprotein (MacLachlan and Dubovi, 2011) . The H protein is responsible for viral attachment and cell tropism and is one of the most variable Morbillivirus proteins that has been frequently used to evaluate genetic diversity between CDV isolates (Haas et al., 1997; Mochizuki et al., 1999; Greene and Vandevelde, 2012) . Additionally, nucleotide (nt) and amino acid (aa) variation in the H gene might disrupt important epitopes by affecting neutralization-related sites (Blixenkrone-Möller et al., 1992; Haas et al., 1997; Iwatsuki et al., 2000) .
CD in dogs is significantly reduced in countries with extensive use of attenuated CDV vaccines, which have reduced the number of cases of CD since the 1950s. CD continues to affect dogs in Brazil, where the cost associated with treating the systemic effects of the disease is estimated at US$147.5-160.3 million/year (Headley et al., 2012) . Although the incidence of CD has increased in both unvaccinated and vaccinated dogs in developed countries (Blixenkrone-Möller et al., 1993; Decaro et al., 2004; Calderon et al., 2007) , CD is still endemic in several urban Brazilian cities (Headley et al., 2012) . CD outbreaks in domestic dogs and wild animal populations might be caused by the antigenic drift of wild-type strains of CDV, especially that in the H gene (Greene and Vandevelde, 2012) , whereas subclinically infected roaming dogs might be a constant source of infection in some urban canine populations in Brazil (Headley et al., 2012) . Additionally, low vaccination rates, lapses in booster frequency, the use of less virulent or nonliving vaccines, and the presence of largely unvaccinated, highly susceptible feral or wild canids and other susceptible carnivores might be associated with CD outbreaks (Greene and Vandevelde, 2012) .
The characterization of CDV strains in several animal species from different geographic locations has revealed that the antigenic drift of the H gene determines a geographic pattern for CDV lineages. Currently, the major CDV lineages identified worldwide are vaccine strain or America 1 and 2, Asia 1 and 2, Europe 1, Europe wildlife, Arctic-like, and South Africa (Martella et al., 2006; Woma et al., 2010) . Recently, distinct strains of CDV were thought to be circulating in some Brazilian cities (Rosa et al., 2012) , but these strains might form part of a larger distinct South American clade of CDV (Panzera et al., 2012) . Further, restriction fragment length polymorphism analyses of the 721-bp fragment of the H gene have suggested genetic diversity between Brazilian wild-type CDV and vaccine strains (Negrão et al., 2006) . This study describes the phylogenetic characteristics of wild-type strains of CDV based on the H gene detected in dogs from northern Paraná, Brazil.
MATERIAL AND METHODS
Samples were collected from 4 dogs with progressive neurological disease at the Veterinary Teaching Hospital, Universidade Estadual de Londrina, PR, Brazil, between 2004 and 2006. These dogs originated from the cities of Londrina (N = 3) and Maringá (N = 1), northern Paraná, and demonstrated at least one of the following neurological manifestations of CD: myoclonus, seizures, and ataxia of the head and limbs. Urine samples from each dog were obtained during routine hospital procedures, and CD was diagnosed using a reverse transcription polymerase chain reaction (RT-PCR) targeting the nucleocapsid gene and amplifying a 287-bp fragment (Frisk et al., 1999) . Thereafter, the samples collected were maintained at -20°C for further processing.
CDV RNA was extracted from an aliquot of 300 µL urine based on the silica/guanidinium isothiocyanate method (Boom et al., 1990) to detect the H gene of CDV. To amplify the H gene, we designed 5 primers sets -H1, H2, H3, H4, and H5 ( The RT reaction was performed as follows: an initial denaturation at 70°C for 10 min with a mixture of the extracted RNA added to 20 pmol of each forward primer set. This mixture was then placed on ice for 5 min and added to the RT mix containing 1X PCR buffer (30 mM Tris-HCl, pH 8.4, and 75 mM KCl), 3 mM MgCl 2 , 0.8 mM of each deoxyribonucleotide triphosphate (Invitrogen TM Life Technology, Carlsbad, CA, USA), 60 U Super Script Reverse Transcriptase (Invitrogen TM Life Technology), and ultrapure sterile water to the final volume of 50 µL. The mixture was incubated at 42°C for 30 min and then inactivated at 70°C for 15 min.
Five steps were performed to amplify the complete H gene of CDV. For each step of amplification, cDNA was added to the PCR mix consisting of 1X PCR buffer (30 mM Tris-HCl, pH 8.4, and 75 mM KCl), 3 mM MgCl 2 , 0.8 mM of each deoxyribonucleotide triphosphate, 20 pmol of each primer pair, 2.5 U Platinum Taq DNA polymerase (Invitrogen TM reaction. The following cycle was used: one step of 4 min at 94°C; followed by 40 cycles of 1 min at 94°C, 1 min at 56°C, 1 min at 72°C, and a final step of 7 min at 72°C. The amplified products were analyzed via electrophoresis on 2% agarose gel, stained with ethidium bromide, and visualized under ultraviolet light.
The amplicons were purified using the GFX TM PCR DNA and Gel Band Purification Kit (GE Healthcare TM , Little Chalfont, UK) and the Gel Band Purification Kit (GE Healthcare) and quantified in a Qubit TM fluorometer using Quant-iT TM double-stranded DNA BR Assay Kit (Invitrogen TM Life Technologies, Eugene, OR, USA). Sequencing was performed in both directions using the forward and reverse primers corresponding to each PCR amplicon. The quality of each sequence obtained was analyzed using the Phred software; the consensus sequence was determined using the CAP3 software (http://asparagin.cenargen.embrapa.br/ phph/). The nt identity was verified with sequences deposited in GenBank using the Basic Local Alignment Search Tool software (http://www.ncbi.nlm.nih.gov/BLAST). An nt-deduced aa alignment and phylogenetic tree were created using Molecular Evolutionary Genetics Analysis 4.1; the sequences used during this study are shown in Figure 1 .
The sequence identity matrix was determined using BioEdit version 7.0.8.0. A phylogenetic rooted tree was constructed using the neighbor-joining method with Kimura 2-parameter distance, and bootstrap values were determined using 1000 replicates. The gene sequences of the strains identified in this study were deposited in GenBank (CDVBR1, EU098102; CDVBR2, EU098103; CDVBR3, EU098104; CDVBR4, EU098105). The partial sequences of the H gene derived from a recent study carried out in Campinas, SP, Brazil (Rosa et al., 2012) , were not located in GenBank and consequently excluded from our study.
RESULTS AND DISCUSSION
The desired amplicons of the H gene of CDV were amplified in all urine samples. A fragment of 2355 bp was obtained in which 1821 bp corresponded to the H gene that coded a 607-aa fragment. Figure 1 shows that the wild-type strains of CDV identified in this study were grouped into one distinct cluster (the southern Brazilian clade), whereas the nt identity between these local strains ranged from 97.1 to 99.3%. Within this clade, the nt-deduced aa sequences of dogs originated from the city of Londrina (GenBank accession Nos. EU098103, EU098104, and EU098105) formed a subgroup that was distinct from that derived from Maringá (EU098102). The Brazilian cluster demonstrated elevated nt identity (97.1-98.5%) with the European cluster. However, a comparatively reduced identity (91.7-92.7%) was observed when these sequences were compared with the vaccine lineage (America 1). The identity differences obtained by comparing nt sequences from the Brazilian strains of CDV with other main clades (Asia 1 and 2, America 2, Europe 1, European wildlife, Arctic-like, and South Africa) ranged from 93.1 to 96.4%.
A lineage is characterized on the level of aa diversity within and between different phylogenetic clusters. Intra-lineage variation has an aa diversity of less than 3.5%, whereas the aa diversity between groups is greater than 4% (Bolt et al., 1997; Martella et al., 2006) . In the present study, the aa identity of the CDV strains in southern Brazil varied between 96.5 and 99.0%, showing less than 3.5% aa divergence. The Brazilian cluster presented aa variation between 1.7 and 4% with the Europe 1 lineage. Therefore, although the Brazilian samples clustered in a separated clade, they should be considered to originate from the Europe 1 lineage. Similar results have been described (Panzera et al., 2012) . This combined cluster of CDV strains from Europe and South America might represent the largest known group of CDV strains circulating worldwide. Further, the results demonstrated that the Brazilian cluster might be part of a larger distinct clade of South American strains of CDV in which 2 distant lineages of CDV have been identified (Panzera et al., 2012) . Notwithstanding this larger intercontinental feature, the Brazilian strains identified in this study formed a distinct clade of circulating strains of CDV. Additionally, these initial results suggest that the wild-type strains of CDV circulating in these two Brazilian cities might be different. The southern Brazilian strains of CDV displayed elevated aa variation (7.5-9.1%) compared with that of the vaccine lineage (America 1). Similar results have been described in other studies (Martella et al., 2006; Woma et al., 2010) , which have demonstrated that the CDV strains used in vaccines (old strains) are distantly related to novel CDV field strains. Additionally, repeated attenuation of commercially produced vaccines and the concomitant presence of other viral agents within these vaccines might induce genetic drift (Woma et al., 2010) and consequently alter vaccine efficacy. This genetic variation can affect the host immune response, but the real effects of this diversity on the currently used vaccines remain unknown. Consequently, the genetic drift demonstrated by the wild-type Brazilian strains of CDV should be considered a possible cause of outbreaks in local urban vaccinated canine populations. Additionally, most vaccine strains of CDV were isolated in the USA between 1930 and 1950, and these differ genetically from virulent isolates (Greene and Vandevelde, 2012) .
Phylogenetic analyses of the H gene of CDV isolated from dogs and other carnivores have demonstrated that wild-type strains of CDV differ by geographic distribution rather than by host species (Harder et al., 1996; Bolt et al., 1997; Carpenter et al., 1998) . In this study, the Brazilian wild-type strains of CDV clustered with European strains, indicating that CDV strains in these different geographical regions are likely to have a common origin. However, the territorial extension of Brazil is of continental significance, which can support the possible concomitant circulation of different lineages of CDV. Consequently, detailed and extensive epidemiological surveys are required to determine the circulating lineages of CDV within Brazil and to understand the global ecology of CDV. Nevertheless, the differences in genetic drift observed between vaccines and the recently described isolates worldwide should be considered to understand the effectiveness of currently produced vaccines and the resurgence of CD in dogs and wildlife (Martella et al., 2006) . Although the strains described in this study were considered Brazilian strains of CDV (Panzera et al., 2012) , we believe that they should be referred to as CDV strains circulating in southern Brazil, or more specifically, in northern Paraná, so that the continental extension of Brazil be taken into account.
In conclusion, we demonstrated that the strains of CDV circulating in southern Brazil are genetically related to European strains but are distantly associated with current vaccine strains. We remain uncertain whether genetic alterations in the Brazilian strains of CDV might be responsible for distemper outbreaks in local vaccinated canine populations. Consequently, the genetic basis of the H gene diversity of CDV in other geographical regions of Brazil must be elucidated to enhance the development of new vaccines.
